nosed to have secondary dysmenorrhea and any other gynecological problems or any co morbid conditions were excluded.
All subjects were given visual analog scale (VAS), if they had pain score >3 they were included as dysmenorrheic subjects (n = 30) and females with score <2 where included in eumenorrhea group (W. Yu-Jen et al., 2016).
Subjects were asked to abstain from caffeine containing beverages on the day of recording. ECG recording was done during Menstrual phase (MP) (day 1-5); follicular phase (FP) (day 6 th -14 th ) and Luteal phase (LP) (day 15 th -28 th ) [18] of the same menstrual cycle. To avoid potential diurnal variations, subjects were tested (HRV) at the same time of day between 8:00 and 9:00 AM [13] in a quiet room 12 hour postprandial [22] . All subjects were asked to be in the supine position with a normal breathing rate and depth with their eyes closed and in a relaxed state at least 15 min before data collection. 10 min ECG of the subject were recorded using PHYSIOPAC-PP4 software (MEDIC-AID SYSTEMS, Chandigarh). The data was analyzed using RMS Vagus HRV software (RMS, India). The time domain parameters of HRV such as mean heart rate (HR, beats per minute); SDNN (millisecond) -Standard deviation of Normal to Normal RR interval; RMMSD(millisecond) -Standard deviation of square of mean root; PNN50 (%) -Percentage of Consecutive RR interval whose difference is more than 50 millisecond were measured. HRV analysis was extracted using Kubios HRV analysis software.
Statistical analysis. The data were expressed as mean ± SD. One way ANOVA was applied to compare the HRV data among the 3 phases of menstrual cycle in cases and controls. To test significance paired and unpaired t test was applied. P-value <0.05 was considered statistically significant.
Results. The present study compared the time domain (TD) parameters of HRV in 60 eumenorrhea and dysmenorrhea subjects over a period of 6 months duration. Table 1 shows the descriptive statistics of the study population. As shown in the above table both the groups did not differ across their demographic details, all this indicates effective randomization. In the above table 4 mean HR showed significant difference between 2 groups in luteal phase. It is higher in dysmenorrhea subjects than controls. SDNN, RMSSD are higher in dysmenorrhea subjects in MP& FP.
Discussion. In the present study, different phases of menstrual cycle in eumenorrhea subjects showed no difference in time domain parameters of HRV. These findings are in agreement with earlier studies where they found no difference in heart rate variability among different phases of menstrual cycle [13, 24] These results are in contrast with the earlier studies where they found significantly greater HRV in follicular phase and increased sympathetic activity in luteal phase in eumenorrhea subjects [2, 9, 21]. Time domain parameters RMMSD, PNN50 measure short term variation in autonomic activity; in the current study it shows no difference in autonomic activity in normal subjects during different phases of menstrual cycle.
In dysmenorrheal subjects there was a significant difference between menstrual and follicular phase in time domain parameters of HRV. SDNN and RMSSD during menstrual phase showed significant reduction in dysmenorrhea subjects compared to eumenorrhea subjects. This result in dysmenorrhea subjects indicates reduced vagal activity in menstrual phase. Menstrual phase showed reduced HRV and on administration of music to dysmenorrhea subjects showed an increase in parasympathetic activity in menstrual phase [10] .
TD parameters of HRV during FP showed significant increase in dysmenorrhea subjects. Time domain parameters indicate parasympathetic activity. Slight reduction in parasympathetic activity was noted during menstrual phase but it was not a statistically significant difference in eumenorrhea subjects. In dysmenorrhea subjects, significant difference was noted in TD parameters between Menstrual & Follicular phase. In dysmenorrhea subjects TD parameters showed upward trend towards follicular phase, this indicates that compensatory increase in parasympathetic activity. In contrast, another study stated that vasomotor activity regulating sympathetic nervous system activity remains elevated even during the non painful follicular phase in dysmenorrhea subjects [15] .
Dysmenorrhea induced pain activates vagus nerve to reduce pain. Physiologically sympathetic & parasympathetic nervous system functions antagonistically. M.J. Chandler et al. have reported that stimulation of cervical, thoraxic & cardiac vagal afferents reduces nociceptive neuronal activites [7] . In this study increased vagal activity induced by dysmenorrhea in menstrual phase persists to alter follicular phase as well. Estrogen activates choline acteyltransferase thereby acting as cholinergic agonist by increasing acetylcholine synthesis [5] . Progesterone acts adrenergic agonist by enhancing release of norepinephrine [14] .
Females in reproductive age group experience varying symptoms like cramps (dysmenorrhea), food cravings, irritability, depression, breast tenderness, anxiety and mood swings. These symptoms are collectively called Premenstrual syndrome (PMS) [8] . Study by F.C. Baker et al. showed significant reduction in parasympathetic activity during sleep in women with severe PMS in the late-luteal phase of menstrual cycle [1] .
Limitations. One limitation could be that we studied HRV indexes only 3 times across the menstrual cycle, once each time in Menstrual phase (MP) (day 1-5); follicular phase(FP) (day 11-21) and luteal phase(LP) (day 21-34), it is better to assess HRV parameters more frequently throughout the menstrual cycle. Second limitation is estimation of endogenous hormones like FSH, LH, estrogen & progesterone, thyroid hormones, Leptin will give a better understanding of influence of menstrual cycle on autonomic nervous system was not done in our study.
Future studies should be undertaken to address these limitations using a larger sample size.
Conclusion. Women with dysmenorrhea experiences severe menstrual pain due to autonomic imbalance. Young women suffering from dysmenorrhea had reduced parasympathetic activity in menstrual phase but showed a increased parasympathetic activity in follicular phase. This suggests the complex physiological homeostatic mechanisms playing a role to maintain autonomic balance even when the autonomic disturbances occur.
